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ABSTRACI All except 17 (1-7%) of 990 fire fighters employed by the Western Australian Fire
Brigade between 1 October 1939 and 31 December 1978 were successfully followed up to 31
December 1978. Mortality from all causes was less than expected (SMR 0-80 with 95%
confidence interval 0-67 to 0.96). There was evidence of the healthy worker effect but none that
mortality increased with increasing duration of employment. A small proportional excess of
deaths from road traffic accidents (SPMR 1.66) appeared to be unrelated to fire service. Deaths
from other accidents, poisonings, and violence were significantly less than expected (SMR 0 35
with 95% confidence interval 0-10 to 0.90) and may indicate an effect of training and experience
on accident proneness. There was no evidence of increased mortality from cardiovascular or
respiratory disease, or from any other cause.

Concern is frequently expressed at the hazards of
fire fighting both with respect to accidental injury
and death, and illness or death as a result of inhala-
tion of noxious substances (see, for example, Gan-
non'). Accidents undoubtedly do occur, and acute
changes in lung function can be demonstrated (see,
for example, Musk et a12), but the chronic effects of
fire fighting and its effect on mortality are less clear.

Three studies have reported on the mortality of
cohorts of fire fighters compared with that of appro-
priate general populations. Mastromatteo, on follow
up of 1039 Ontario fire fighters, found a significant
increase in mortality from all causes (270 deaths,
SMR 119), mainly due to deaths from accidents and
violence (SMR 140) and cardiovascular and renal
disease (SMR 135). On the other hand, Guthrie
found no increase in mortality from all causes (60
deaths, SMR 55) in 4379 Los Angeles fire fighters
or coronary heart disease (SMR 53) but found a
proportional increase in deaths from accidents
(SMR 79).4 Later, Musk et al also found a lower
than expected overall mortality (2470 deaths, SMR
91) in 5655 Boston fire fighters and no increase in
mortality from cardiovascular disease (SMR 86).5
Active fire fighters showed an increase in mortality
from accidents (SMR 134). None of these studies
showed an increase in mortality from respiratory
disease.
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Evidence of chronic morbidity has also been
sought. There are inconsistent indications of more
rapid loss of lung function in fire fighters than other

6-8men. A higher than expected prevalence of coro-
nary disease has also been reported,9 but a recent
study found no difference in incidence of new coro-
nary events between fire fighters and other compar-
able men.'0

This apparent conflict over the chronic effects of
fire fighting suggested to us that a further cohort
study of mortality would be justified.

Methods

DEFINITION OF COHORT
Our cohort consisted of all men employed as per-
manent full time fire fighters by the Western
Australian Fire Brigade (WAFB) between 1
October 1939 and 31 December 1978. 1 October
1939 marked the beginning of a superannuation
scheme through which the cohort was identified.
Men in employment on this date and first employed
subsequently were all included; they totalled 990.
The only data consistently available on all men were
date of birth, date joined the WAFB, and date left
the WAFB.

FOLLOW UP
Follow up was undertaken retrospectively to 31
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December 1978; 639 men were still employed by
the WAFB on that date. Follow up of the remainder
was achieved by a search of the Western Australia
state death registers for all years from 1939 to 1978,
the Western Australia state electoral roll current in
1979, motor vehicle drivers' licence records current
in 1979, public hospital patient indexes, union
records, the telephone directory, and by questioning
retired fire fighters. A total of 116 deaths were

identified and 204 retired fire fighters were found to
be alive and resident in Western Australia. A
further 14 men had emigrated and 17 (1.7%) were
untraced.

Copies of death certificates were obtained for all
dead firemen; they included the underlying cause of
death as assigned and coded at the time of death.

ANALYSIS
Person-years of follow up distributed by era of first
employment, calendar period of follow up and age
were calculated by Man Years Computer Lan-
guage" from the date of first employment or 1
October 1939, whichever was later, to death, emi-
gration, or 31 December 1978, whichever was ear-
lier. The 17 men lost to follow up were treated as

surviving to 31 December 1978. Expected numbers
of deaths were calculated within 10 year age groups
in the calendar periods 1940-52, 1953-7, 1958-62,
1963-7, 1968-72, and 1973-8 by use of average
mortality rates for each cause of death in all WA
men in the periods 1951-7 (used for person-years
accumulated from 1940 to 1957), 1958-62, 1963-7,
1968-72, and 1973-8.

Proportional mortality analysis was also under-
taken. For deaths occurring in each 10 year age
group and time period, expected numbers of deaths
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by cause were calculated from the proportional dis-
tribution, by cause, of all deaths in WA men in the
appropriate age and time group.
Observed and expected numbers of deaths were

compared by calculation of standardised mortality
ratios (SMRs) and standardised proportional mor-
tality ratios (SPMRs). Ninety five per cent
confidence intervals about SMRs and SPMRs were
calculated from the table given by Haenszel et al. 12

Results

ALL CAUSES OF DEATH
A total of 16 876 person-years of follow up were
accumulated by fire fighters in the cohort; 116
deaths were observed, 143-7 expected (SMR = 0-80
with 95% confidence interval 0-67 to 0.96). Table 1
shows deaths from all causes distributed by era of
first employment, duration of follow up since first
employment, and duration of employment.
The SMR for those in employment at the start of

follow up, 0-84, was a little higher than in those
followed up from first employment at a later date
(0.74). There was little evidence of a tendency for
SMRs to rise with time since first employment
except after 30 years. Nor did SMRs rise with dura-
tion of employment. On the contrary, there was a
significant excess of deaths in those employed for
less than one year (6 deaths, SMR 3-37). This was
an unexpected finding and was uncovered somewhat
accidentally during analysis of the data.
The six deaths in fire fighters employed for less

than one year were caused by road traffic accidents
(3 observed, 0-23 expected), other accidents,
poisonings, and violence (1 observed, a suicide, 0-31
expected), and malignant neoplasms of other than

Table 1 Numbers ofdeaths from all causes and SMRs in fire fighters distributed by era offirst employment, time since first
employment, and duration ofemployment

No of deaths SMR

Point estimate 95% Confidence interval

Era offirst employment
1939 or earlier 83 0-84 0-67-1-05
After 1939 33 0-74 0-52-1-03

Time since first employment (years)
0-9 9 0-73 0-33-1-39
10-19 8 0-63 0-27-1-24
20-29 13 0-53 0-28-0-91
30-39 28 0-84 0-56-1-22
¢40 58 0-95 0-73-1-24

Duration of employment (years)
<1 6 3-37 1-24-7-08
1-9 15 0-88 0-49-1-45

10-19 10 0-83 0-40-1-53
20-29 19 0-97 0-58-1-55
30 66 0-71 0-56-090



Table 2 Numbers ofdeaths and SMRs in fire fighters by cause ofdeath

Cause of death No of deaths SMR*

Point estimate 95% Confidence interval

All neoplasms: 30 1-09 0-74-1-56
Respiratory cancer 7 0-84 0-33-1-71
Other cancers 23 1-21 0-77-1-82

Circulatory disease: 55 0-78 0-60-1-01
Ischaemic heart disease 39 0-84 0-60-1-14
Other circulatory disease 16 0-65 0-38-1-07

Respiratory disease: 7 0-66 0-26-1-36
Bronchitis, asthma, and emphysema 3 0-65 0-13-1-90
Other respiratory disease 4 0-67 0-18-1-72

Accidents, poisonings, and violence: 12 0-63 0-33-1-10
Road traffic accidents 8 1-04 0-45-2-05
Other accidents, poisonings, and violence 4 0-35 0-10-0-90

All other causes of deatht 12 0-74 0-38-1-30

All causes of death 116 0-80 0-67-0-96
*Expressed as the observed to expected ratio without multiplication by 100.
tAll other ICD-8 chapters, each with three or fewer observed deaths.

Table 3 Numbers ofdeaths in fire fighters and SPMRs (standardised proportional mortality ratios) by cause ofdeath

Cause of death No of deaths SPMR*

Point estimate 95% Confidence interval

Neoplasms: 30 1-37 0-93-1-36
Respiratory cancer 7 1-04 0-42-2-13
Stomach cancer 5 2-02 0-65-4-70
Intestinal cancer 4 1-59 0-43-4-07
Other digestive cancer 3 0-88 0-18-2-58
Genitourinary cancer 4 1-08 0-29-2-76
Lymphohaematopoietic cancer 3 1-88 0-39-5-50
Other cancers 4 2-97 0-81-7-60

Circulatory diseases: 55 0-94 0-72-1-22
Ischaemic heart disease 39 1-02 0-73-1-39
Other circulatory diseases 16 0-78 0-45-1-26

Respiratory diseases: 7 0-77 0-31-1-59
Bronchitis, asthma, and emphysema 3 0-73 0-15-2-13
Other respiratory diseases 4 0-81 0-22-2-07

Accidents, poisonings, and violence: 12 0-95 0-49-1-66
Road traffic accidents 8 1-66 0-72-3-27
Other accidents, poisonings, and violence 4 0-53 0-14-1-35

All other causes of deatht 12 0-87 0-45-1-52

*Expressed as the observed to expected ratio without multiplication by 100.
tAll other ICD-8 chapters, each with three or fewer observed deaths.

the respiratory system (2 observed, 0-24 expt.
of which both were cerebral astrocytomas.

SPECIFIC CAUSES OF DEATH: SMRs
Table 2 shows numbers of deaths and SMRs in
broad categories of cause of death. Only SMRs for
neoplasms (specifically, cancers other than respirat-
ory cancer) and road traffic accidents differed at all
from the general patterns of SMRs less than unity;
neither was significantly greater than 1-0. The SMR
for "other accidents, poisonings, and violence" was
significantly less than 1-0 (4 deaths observed, SMR
0-35).
Within the "all other causes of death" category,

only one stood out-two deaths from congenital
anomalies, 0-40 expected, giving an SMR of 5-0 with
95% confidence interval 0-60 to 18-0. Both of these
deaths were attributed to coarctation of the aorta, a
surprising, but almost certainly chance, coincidence.
For neither the "other cancers," nor road traffic

accidents, was there any indication that the SMRs
increased with increasing duration of employment.
For both, the most notable excesses were in those
employed for less than one year (see above). The
low SMR for other accidents, poisoning, and viol-
ence was confined to those employed for 10 years or
more (SMRs 0-93 for less than 10 years' employ-
ment and 0-12 for 10 or more years).
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SPECIFIC CAUSES OF DEATH: SPMRs
SPMRs were calculated to provide some adjustment
for the operation of the healthy worker effect'3 on

cause specific SMR estimates suggested by the low
SMR for all causes. Table 3 shows numbers of
deaths and SPMRs by cause of death; additional
categories of cancers were included in this table
because of the relatively high SMR for other cancers

in table 2.
No single SPMR was significantly different from

unity. For all cancers other than respiratory cancer

(the category used in table 2) the SPMR was 1-52
with 95% confidence interval 0-97-2-29. This over-

all excess was not concentrated in any one cancer

site. The relatively high SPMR for "other cancers"
was based on three cerebral tumours (two in men
employed for less than one year, as mentioned
above) and one death from carcinomatosis with
unspecified primary site. The relative excess of
deaths from road traffic accidents (SPMR 1.66)
included only one death in the course of duty-
"caused when fire engine he was driving collided
with motor wagon." None of the other deaths from
accidents, poisonings, and violence occurred at
work; three were suicides.

Discussion

Not unexpectedly, the SMR for all causes of death in
this study (0.80) was significantly less than 1-0. This
may be due, in part at least, to the untraced men and
the healthy worker effect.'3 The untraced men,
1-7% of the total, were treated in the analysis as if
alive and resident in Western Australia at the end of
the follow up period. It is unlikely that we would
have missed any deaths but a proportion of the
untraced may have left the state, thus leading to an
overestimate of person-years.

Evidence of the healthy worker effect may be
seen in table 1. The SMR in men already employed
as firemen when the follow up began was higher
(0.84) than in men who joined the WAFB during
the course of follow up (0-74). The healthy worker
effect ought to be more evident in the latter group
because of the high standard of physical fitness
required on entry to the brigade. In addition there
was some evidence that the SMRs approached 1-0
with increasing duration of follow up.
There is virtually no evidence in these data of an

adverse effect of fire fighting on mortality. The
SMRs did not increase with increasing duration of
service, and there was no evidence of increased mor-
tality from ischaemic heart disease, chronic respirat-
ory disease, accidents, or respiratory cancer. The
small and statistically non-significant increase in
proportional mortality from road traffic accidents

Eliopuloc Armstrong, Spickett, and Heyworth

could not be readily attributed to fire service
because only one of the accidents occurred at work.

Cancer, other than respiratory cancer, was the
only other cause of death which stood out among the
generally low rates. The excess, however, was small,
not statistically significant, and distributed among a
number of cancer sites. It is doubtful whether any
importance should be attached to it.
The apparently low mortality from other acci-

dents, poisonings, and violence may be of interest. It
was mainly evident in men who had served more
than 10 years, a fact which adds plausibility to a
specific association with fire service. One might
speculate that the training of fire fighters, and their
experience in extricating others from hazardous
situations, may make them more careful and better
able to handle potentially life threatening circum-
stances.
Our results agree with those of Guthrie4 and

Musk et a15 in showing a lower overall mortality rate
in fire fighters and no evidence of increased mortal-
ity from ischaemic heart disease or respiratory dis-
ease. They are anomalous in not showing an
increased mortality from accidents. It would not be
unreasonable to suggest, however, that hazards vary
from one community to another or that safety stan-
dards vary from one fire service to another. It may
be -that Western Australia is a particularly hazard
free community (the other studies were all North
American) or that the safety standards of the
WAFB are particularly high. Our results also cover
a later period, on average, than those of Mastromat-
teo3 and Musk et a15 (which had follow up from 1921
to 1953 and 1915 to 1975 respectively) and may
indicate an improvement in safety standards since
then.

The help of the Western Australia Fire Brigade is
gratefully acknowledged.

Requests for reprints to: Dr B K Armstrong, Uni-
versity Department of Medicine, Queen Elizabeth II
Medical Centre, Nedlands 6009, Western Australia.
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